Calcium (Ca 2+ ) is an important ion in physiology and is found both outside and inside cells. 
Introduction
The immune system is inherently flexible. Both in pregnancy and with the onset of an autoimmune disease, an immunological shift takes place. In pregnancy, the immunological tolerance is expanded whereas in an autoimmune disease, it is decreased. How this plasticity comes about is still not clear despite intensive research [1] [2] [3] [4] . The calcium (Ca 2+ ) ion is an intracellular messenger in cells where it regulates multitude of mechanisms that in immune cells includes; activation, differentiation, proliferation, secretion and migration [5] [6] [7] [8] [9] [10] [11] . If calcium is involved in the change in immunological tolerance as observed during pregnancy and autoimmune diseases, then it is possible that expression of plasma membrane ion channels that regulate entry of the calcium ions into the cells may be altered when the immunological shift takes place resulting in altered expression in pregnancy and autoimmune diseases i.e. type 1 diabetes.
Ca 2+ ions are present in both extra-and intracellular fluids in mammals. The intracellular concentration is tightly regulated. Increase of Ca 2+ ion concentration in the cytoplasm of immune cells most often is associated with either release of Ca 2+ from intracellular stores, like the endoplasmic reticulum (ER), or entry through ion channels in the plasma membrane. Store-operated Ca 2+ entry (SOCE) through Ca 2+ release-activated Ca 2+ (CRAC) channels are present in many tissues including neurons, cardiac myocytes, skeletal muscle cells, pregnant human myometrium, vascular smooth muscle cells, pancreatic islet β cells, endothelial cells and most immune cells [6, [12] [13] [14] [15] [16] [17] [18] [19] [20] and are thought to be responsible for the majority of Ca 2+ influx in at least the immune cells [6, 8] . Other Ca 2+ permeable channels may be present in the immune cells like the voltage-gated Ca 2+ channels (Ca v ), glutamate-gated NMDA receptors, TRP channels and P2X receptors but generally less is known about the role of these channels in the immune system [8, [21] [22] [23] [24] . The CRAC and some Ca v channels are regulated by stromal interaction molecules (STIM1 and 2) which are located in the ER membrane [6, 8, [25] [26] [27] [28] [29] . The CRAC channels are tetramers of ORAI proteins that form the channel pore in the plasma membrane. The channels can be formed from homo-or heteromeric ORAI proteins (ORAI 1, 2 or 3) that differ in their kinetic properties [6, 9] . The store operated Ca 2+ entry is initiated by STIM that are sensors for Ca 2+ in the ER and when the ER Ca 2+ concentration drops significantly, they cluster and at the ER-plasma membrane junction they bind to and open the CRAC channels. There are 10 members in the voltage-gated Ca 2+ channel family [30] . In excitable cells the channels are opened by depolarization of the membrane potential but in immune cells additional mechanism involving STIM appears to participate in regulating the channels activation mechanism [25] [26] [27] . STIM 1 and STIM 2 are structurally similar molecules but STIM 2 has lower affinity for Ca 2+ [31, 32] .
We examined if the ORAI, Ca v and STIM mRNAs expression in peripheral blood mononuclear cells (PBMCs) was correlated to altered immunity state in humans. We examined mRNAs isolated from PBMCs from healthy individuals, healthy pregnant women and individuals with type 1 diabetes. The results show that in pregnancy and in type 1 diabetes, the mRNA levels of genes encoding the CRAC channels and the Ca 2+ sensing proteins were significantly altered. Ca v channels were normally expressed at lower levels but significant changes were observed for specific L, R and T-type Ca 2+ channels.
Material and methods

Study design
The studies were approved by the Regional Ethics Review Board in Uppsala. All individuals participating in the study were given oral and written information regarding the study and provided a written consent before entering the study. There were two groups in the study (A) healthy pregnant women and their age and body mass index (BMI) matched healthy control individuals including both men and non-pregnant women (S1 Table) and (B) type 1 diabetes individuals and their age, sex and BMI matched healthy control individuals (S1 Table) . Both control groups were medical students, hospital employees and individuals recruited through poster advertising. Inclusion criteria for both control groups were self-reported physical health, no ongoing infection and no daily medication. None of the healthy controls had a first degree relative diagnosed with type 1 diabetes. Additional exclusion criteria for healthy control women were pregnancy, breast feeding and use of hormonal contraception. Pregnant participant in this study were recruited from women participating in a study at the Department for Women's and Children's Health, Uppsala University. They visited the lab between gestational weeks 36 and 41. Individuals with type 1 diabetes were recruited at the Department of Endocrinology and Diabetology and routine blood samples were analyzed at the department of Clinical Chemistry and Pharmacology, Uppsala University Hospital. Venous blood samples were collected into EDTA tubes for later isolation of PBMCs, see description below.
covered all transcripts known today for the particular gene (S2 Table) and ORAI 1 mRNA expression was also tested by an additional pair of primers to verify the biological results obtained.
The expression of ORAIs and STIM mRNAs in PBMCs is altered in pregnancy
Comparison of PBMCs gene expression from controls and pregnant women is shown in Fig  1A and the number of individuals expressing the target mRNAs in Table 1 . ORAI1, ORAI2, ORAI3, STIM1 and STIM2 were expressed in the majority of the PBMCs samples from both controls and pregnant women. Interestingly, the average expression level of ORAI1, ORAI2 and ORAI3 were significantly up-regulated in pregnant women whereas, in contrast, both STIM1 and STIM2 were down-regulated.
The expression of Ca V 2 and 3 channel subtypes may be altered in pregnancy
PBMCs from control and pregnant women expressed 8 and 9 Ca v subtypes, respectively, of the 10 known genes encoding the α1 pore-forming Ca V (Fig 1B) . The number of individuals expressing each subtype is given in 
The expression of ORAIs and STIM2 mRNAs in PBMCs is altered in type 1 diabetes
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Type 1 diabetes duration and age of onset influences expression of specific channels
We examined if disease duration or age at onset affected the expression of the ORAIs, STIM1 and 2 and the Ca v 1.2 channels. Significant correlation was found for ORAI2 with age of onset of type 1 diabetes (Fig 3A, p <0 .05) and Ca V 1.2 (Fig 3B, p (Fig 4) . Due to the limited protein sample size, we did not quantify the protein expression levels in these samples.
Discussion
Here we examined if we could detect any differences in expression of the plasma membrane Ca 2+ channels in immune cells in pregnancy and in an autoimmune disease, type 1 diabetes.
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-affinity STIM1 was down-regulated. Interestingly, differential expression has been observed for the ORAI 1-3 and STIM 1 during T cells activation where the mRNAs were up-regulated [36] and in Sjögren's syndrome, an autoimmune disease, where the STIM1 and 2 proteins were reduced [37] . The opposite effects on expression of the pore-forming and the gating partner of the store operated Ca 2+ entry in our study is intriguing. Since the stoichiometry of ORAI:STIM protein ratio determines the Ca 2+ current size and inactivation properties, the altered expression level of the genes is bound to affect the cellular responses [11, 38] . Indeed, Ca 2+ entry in PBMCs from patients with Sjögren's syndrome was reduced as compared with cells from healthy controls [37] . Furthermore, in neutrophils, a loss of STIM2 has been associated with lower levels of cytokine production whereas STIM1 was required and enough for classical short-term neutrophil responses [32] . Together the results suggest that the cellular Ca 2+ dynamics and thus intracellular signaling are, at least in part, regulated by the expression levels of the plasma membrane CRAC channels and the STIM proteins. The contribution of the Ca V channels to the Ca 2+ influx into the cells and its effects on immunity is less well defined than that of the CRAC channels [7, 8, 21, 22] . The expression profile of the Ca v pore-forming α1 subunit in the PBMCs in this study was consistent with expression of L-, P/Q-, R-and T-type voltage-gated Ca 2+ channels [30] in the cells and included channels with high-to-low threshold for voltage activation. The Ca v 2.3 gene (R-type) was up-regulated in pregnancy and in type 1 diabetes whereas the Ca V 2.1 (P/Q-type) and Ca V 3.2 (T-type) genes were up-regulated only in pregnancy and Ca V 1.3 (L-type) gene in type 1 diabetes. Voltage-gated Ca 2+ channels are generally opened by a depolarizing voltage change in excitable cells like neurons and some endocrine cells but how these channels operate in immune cells has been somewhat of an enigma [6] . Importantly, however, selective opening of depolarizing channels is possible in immune cells expressing ligand-gated channels, e.g glutamate receptors or GABA A receptors [23, 24, 39, 40] and, in addition, the STIM proteins have been shown to modulate both L-and T-type Ca V channels [25] [26] [27] . A reciprocal relationship has been proposed between Ca V and ORAI regulated by the potency of TCR signaling [26] . Temporal and spatial organization of Ca 2+ entry can be created by organization of specific Ca 2+ microdomains in the cells and, thereby, enabling selective activation of specific intracellular signaling cascades. These domains may be created by differential location of ion channels and intracellular proteins organized into distinct macromolecular complexes for mediation of biological effects channeled through specific signaling pathway [41] [42] [43] [44] . 
